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EFFECT OF BLUE CORN GERM LEVELS ON QUALITY
CHARACTERISTICS OF REDUCED-FAT SAUSAGES
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Wroclaw, Poland, 25 Norwida St.)
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The impact of reducing pork fat levels from 21% to 5% with varying concentrations of blue corn germ (2%,
3.5%, 5%, 8.5%, 13.5%, and 18.5%) on the physicochemical and textural properties of low-fat frankfurters was
investigated. Decreased fat content correlated with reduced cooking loss, moisture content, and total lightness,
redness, and yellowness of the sausages. Conversely, increased firmness and chewiness were observed. Frankfurters
containing higher levels of blue corn germ exhibited enhanced firmness and chewiness compared to those with lower
levels. Analysis of frankfurters with different fat and blue corn germ levels revealed an increase in hardness until
the 8th day of storage, followed by a decrease by the 14th day. Optimal results were observed in samples containing
20% pork fat and 5% blue corn germ. However, excessive blue corn germ inclusion did not yield positive effects.

Keywords: Sausage, plant additive, blue corn, corn germ, antioxidant.

MAJIBIFBI TOMEH IIYKBIKTAP/IBIH CAIIAJIBIK
CUIMATTAMACBIHA KOK JKYT'EPI YPBIFbIHBIH JEHTEAIHIH OCEPI

M. KOP>KEHUOBCKA

(BpomiaB Kopuiaras opTa MeH eMip FhLIBIMIAPbl YHUBEPCHTETI,
Ioabma, 50-375 Bpownae, Hopeuaa keur. 25)
ABTOP-KOPPECHOHICHTTIH 3JeKTPOHABIK mortackl: malgorzata.korzeniowska@upwr.edu.pl

Kok cyzepi ypuvizvinviyy apmypni konyenmpavusacot (2 %, 3,5 %, 5 %, 8,5 %, 13,5 % xcone 18,5%) men
wowka maivitnotyy 21%-0an 5%-2a Oeilin KOHUEHMPAUUACLIHBIY, MOMEHOEYI MOMEH MAllbl WLYHCOHIKMAPObIH
duzuka-xumuanvik dncone mexcmypanvlk Kacuemmepine acepi 3epmmenoi. Mailovly azarovl nicipy wibl2blH-
O0apuIHbIY, bLIZATIObIH, HCAINGL MYCMIH AUILIKMBIZOIHbIH, Kbl3apYOblH JHCIHE WLYHCHIKIMAPOBIY CAPIbLUUMbIZbIHbLH
memenoeyimen oainanvicmosl 60710bl. An Kepicinute, cepnimoOiiK nen WAllHAY2a bIH2AUIBLLIKHIH, HCO2APLLAAYbL
oaiikanovl. Kok scyzepi ypuizoinoviy Kon monauiepi 6ap Mailivlebl MOMeH WLYHCLIKMAP KOK HCy2epi YPbleblHblY a3
MoOIepiMen  CalbiCMbIP2aHdd  KAMMbLIblK, HeH  WAalHay2a  bIH2AUILLIBIK — KACUEMIHIY — JHCO2APbLAAYbIMEH
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epexuienendi. Op mypai Mailivl HcoHe KOK dHcyzepi YpulKmapvl 0ap Maiiblzbl MOMEH WLYHCHIKIMApObl manoay
KammoliblKmuly 8-uili cakmay KyHiHe OelliH Jco2apbliazanbli, coO0an Keilin 14-wi Kynee Oeilin meomeHOezeHiH
kopcemmi. Oumaiinot namudcenep 20% wowika maitvl men 5% Kok ducyzepi ypwizel 6ap ynzinepoe 0aixanowl.
Anaiioa, KoK dncyzepi YpoieblH WAMA0AH MolC KOCY OH Homudice 6epmeoi.

Herisri ce3ep: MY:KbIK, KOKOHIC KOCIACHI, KOK KYrepi, skyrepi ypbIrbl, AHTHOKCHAAHT.

BJUSHUE YPOBHS 3APOJIBIINIEN CUHEN KYKYPY3bl HA KAUECTBEHHBIE
XAPAKTEPUCTHUKHU KOJIBAC C IOHUWKEHHBIM COJAEP)KAHUEM KUPA

M. KOP)KEHHOBCKA

(BpowiaBckuii YHUBEPCHTET HAYK 00 OKPYKAIOIIEi cpee U KH3HH,
Hoasma, 50-375 Bpowias, yn Hopsuaa 25)
DIleKTpOHHAs TI0YTa aBTOpa-KoppecmonmenTa: malgorzata.korzeniowska@upwr.edu.pl

Hccneoosanoco enusanue CHUMNCEHUA COOEPHCAHUA C6UHO20 ycupa ¢ 21 % 0o 5 % npu pasnuunoi
KOHyenmpayuu 3apooviuieii cuneil Kykypysot (2 %, 3,5 %, 5 %, 8,5 %, 13,5 % u 18,5 %) na pusuxo-xumuueckue u
meKCmypHble CGOIICMEa HUKOMCUPHBIX cOCUCOK. CHUdICEHUE CO0ePIHCAHUA HCUPA KOPPENUPOBANO C YMEHbUIEHUEM
nomepv npu 6apke, yMEHbUIEHUEM COOEPHCAHUSA 61a2U, O0Wlell C6emaonbvl, KPACHOMbL U MHceTMU3HbL Koabdac.
Hanpomus, nabniodanoce ysenuuenue ynpyzocmu u nposxcesvieaemocmu. Huszkodwcupusie cocucku, cooepycaujue
Oonvuiee Konuuecmeo 3apoovluieii CcUHell KYKypy3bl, OMJIUYATUCL NOBLIUIEHHOU YRPY2O0CMbI0 U NPOIHCEBHL-
6aeMOCHIbIO NO CPAGHEHUIO C MeMU, 6 KOMOPbIX COOeplHCaHue 3apooviuieli cuHell KyKypy3bl Obl10 MeHbULUM.
AHANU3 HUZKOICUPHBIX COCUCOK C PA3IUYHBIM COOEPIHCAHUEM IHCUPA U 3apoObluiell cuneil KyKypy3bl NOKa3an
yeenuuenue meepoocmu 00 8-20 OHA Xpanenus, a 3amem CHudxycenue Kk 14-my onw. Onmumanvhsle pe3ynbmanmol
Habnwoanuce 6 odpasyax, coodepycawux 20% ceunozo xncupa u 5% 3apooviueit cumneil Kykypysvl. Oounaxo
ypesmepHoe GKIOUeHUE 3aPoObluieli KYKypy3bl He 0aJ10 RON0ICUMENbHO20 IPhekma.

KuarueBsbie ciioBa: kosdaca, pacTuTe/ibHas A00aBKa, CHHAS KYKYypy3a, 3apolblll KYKYPY3bl,
AHTHOKCHIAHT.

Introduction Many research results indicate a higher
Zea mays L. corn is a versatile species. The health-promoting value of products prepared on
color of corn grain depends on the content of the basis of blue corn compared to other varieties,
pigments, which are found in the seed coat and due to the high content of phenols, flavonoids and
aleurone layer. ferulic acid [8, 9]. Blue corn's starch has a higher
Carotenoids give the corn grain a yellow or protein content compared to white corn [10]. Bodi
white color, and lutein and zeaxanthin are the et al. [11] point to the high iron content of blue
main xanthophylls found in varieties with such corn grain (even more than 40 mg/kg). Dickerson
coloration due to the presence of anthocyanins (up [5] notes the higher zinc content compared to
to 16.4 mg of anthocyanins/g). The main pigment yellow dent corn. New hybrid varieties are
is 3-O-B-D cyanidin glucoside (C3G) - the so- characterized by higher magnesium, potassium,
called chrysanthemin (about 73%). Other manganese, and zinc contents compared to local
identified anthocyanins in blue corn are: 3-O--D lines [12], and some of them also have higher
glucoside of pelargonidin, 3-O-p-D-glucoside of antioxidant potential [13].
peonidin, cyanidin 3-O-B-D-6-malonyl-glucoside, In an era of increasing importance in the
3-0O-B-D-(6-malonyl-glucoside of pelargonidin, dietetics of functional foods, there has been
and 3-O-B-D-6-malonyl-glucoside of peonidin. increased interest in the phytochemical properties
Blue corn has not yet found wider use on an of the bioactive substances contained in blue corn
industrial scale [1, 2]. Among food products made and the potential for their wider use in the food
from blue corn and available on the market industry [14-17]. The increase in the importance
(mainly in Mexico, South America, and the USA), of blue corn observed in recent years is primarily
tortillas, chips, and chips-tortillas dominate [3, 4]. related to the prospect of making functional foods
In addition, traditional Central American dishes - from it that combine high nutritional value and
corn atole, tostada, tlacoyo, tamale, and gordita - health-promoting properties due to the presence of
are made from it on a small scale [3, 5, 6, 7]. valuable amino acids, antioxidants, and

micronutrients with taste [18].
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Domestically grown blue corn grain may
prove to be an interesting raw material due to its
rich source of carbohydrates and bioactive
substances - anthocyanins and flavanols,
components with antiradical and antioxidant
activity. By-products generated during the
preparation of corn for brewing - germ removal -
may be the subject of research. Germ flour has an
intense color, starch content of about 34 to 39%,
protein - about 10% and fat - about 12-15%.

This study aims to show the impact of the
use of blue corn germ in a kind of frankfurter
sausages. The choice of sausage can be explained
by the fact that sausages had been already
produced with an incorporation of yellow corn
germ proteins [19]. This incorporation improves
the stability and strength of emulsion due to the
good water and fat binding capacities of these
proteins [20]. Therefore, these capacities enable to
obtain a better yield of production when corn
germ proteins are added to the sausage [20]. All of
these results can improve the texture of the final
product and can allow sausage producers to have
less waste in their production. Even if these
results are obtained with yellow corn germ
proteins, we can be sure that blue corn germ
proteins have similar textural properties. Another
study showed blue corn germ contains more
proteins than yellow corn germ [21], so using blue
corn germ can be a good thing for sausage texture.

But the proportion of blue corn germs has to be
enough to obtain good textural properties and not
more to keep the taste of meat and not obtain an
intense blue colour. This colour is due to the
presence of anthocyanins [21]. Using blue corn
germs in sausages can also improve the colour of
these products. For the following study, non-
defatted blue corn germ was used because the
protein extraction and defatting process entail
additional expenses and time for sausage
producers. That is why several compositions were
tried for experiments to determine what
proportion of blue corn germs is the best for the
organoleptic properties of sausages and their
stabilities during storage.

Materials and research methods

Sausage formulation

Frankfurters were made with a blue corn
germ content of 2%, 3.5%, and 5%. They have
also been tested to decrease the amount of pork fat
because blue corn germs already contain lipids.
Indeed, too much lipid content could lead to
greater oxidation of lipids (especially those of
corn germs) [1] and lead to an unpleasant flavor.
Thus, sausages having a pork fat content of 20%,
15%, 10% and 5% were prepared (Figure 1). Pork
fat was offset by blue corn germ. Each frankfurter
has a weight of 50 g and the different
formulations are described in Table 1.

Table 1. Frankfurter formulations with various fat and corn germ levels (%)

Treatments
Ingredients Control | 2% blue | 3,5 % blue 5 % blue 20% | 15% | 10% | 5%
corngerm | corngerm | corngerm fat fat fat fat
lean pork 51 50 49 48 50 50 50 50
pork fat 21 20 21 21 20 15 10 5
ice 25 25 25 25 25 25 25 25
salt 15 15 15 15 15 15 15 15
blue corn germ 0 2 3,5 5 3,5 8,5 135 | 185

Figure 1. Frankfurters with various blue corn germ and fat levels

Physical-Chemical analysis

Cooking loss was determined following the
method outlined by the Association of Official
Analytical Chemists (AOAC) [22]. Frankfurter
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samples were cooked using the standardized
method to ensure consistency across experiments.
Peroxide value was determined using the method
outlined by AOCS [23]. Thiobarbituric acid
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reactive substances analysis (TBARS) was
conducted following the method described by
Botsoglou et al. [24]. The sample extracts were
reacted with thiobarbituric acid and absorbance
was measured spectrophotometrically. All deter-
minations were performed in duplicate.

Instrumental analysis

Texture profile analysis (TPA) was per-
formed following procedures outlined by Bourne
[25]. Samples were subjected to compression tests
using a texture analyzer to assess parameters such
as hardness, cohesiveness, springiness, and
chewiness. Frankfurter samples were analyzed
using a colorimeter to determine L* (lightness), a*
(redness to greenness), and b* (yellowness to
blueness) values, providing insights into the visual
appearance of the products.

Sensory Evaluation
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Sensory evaluation was conducted follow-
ing standardized protocols described by Meilgaard
et al. [26]. 10 trained panelists of the Department
‘Functional food products development’ evaluated
the organoleptic properties of the frankfurter
samples, including taste, aroma, appearance, and
overall acceptability.

Results and discussion

The addition of blue corn germ has been
found to significantly reduce the loss of cooking
mass, resulting in a more efficient production
yield. This is attributed to the functional
properties of the proteins present in the germ.
Furthermore, the sensory and textural attributes of
the frankfurter sausages were positively impacted
by the addition of blue corn germ, with improved
firmness and chewiness noted in sausages
formulated with higher levels of blue corn germ.
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Figure 2. Effects of cooking loss frankfurters formulated with various fat and blue corn germ levels

This loss reduction is 75% when a blue
corn germ content is 5%. Thus, it can be said that
the functional properties of the proteins of the
blue corn germ have allowed a better yield of
production. The moisture of the samples (Figure
3) is close between each sample and does not
exceed more than 3%. But control frankfurter was
the wettest. Thus, if the use of blue corn germ

reduces the water content of the sample, the losses
of mass related to the cooking of these samples
are due to the loss of fat. These findings may be
attributed to the phenomenon whereby FAX
(soluble dietary fiber) retains free water within the
meat product, consequently converting it into
bound water [27].
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Figure 3. Humidity averages of frankfurters formulated with various fat and blue corn germ levels

There are observable changes in color
parameters over time for all formulations, with
variations in L*, a*, and b* values from 1 day to
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14 days (Table 2). All frankfurter samples
containing blue corn germ showed a significantly
lower L* value than the control, indicating that
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the samples were slightly darker. The a* and b*
values of all test samples were higher than those
of the control, which means that the samples were
more reddish and less yellow than the phosphate-
containing control. The L* values for the control
group range from approximately 74.8 to 75.4
across the days of storage points, indicating
relatively stable lightness levels. It was revealed
that the L value decreased by adding chickpea
flour [28]. The a* values increased from 1 day to
14 days of storage, suggesting a shift towards
redness. The b* values decrease, indicating a shift
towards yellowness. Formulations with blue corn
germ: adding blue corn germ to the formulations
appears to influence the color parameters
compared to the control. For example, in the "20%
pork fat - 2% blue corn germ" group, there's a
slight decrease in L* values and a* values

compared to the control, indicating slightly darker
and less red frankfurters. However, the b* values
remain relatively consistent. Impact of pork fat
and blue corn germ content: variations in pork fat
content (ranging from 5% to 20%) and blue corn
germ content (ranging from 2% to 18.5%) also
affect the color parameters. Generally, higher pork
fat content tends to result in higher L* values and
lower a* values, indicating lighter and less red
sausages. Higher blue corn germ content appears
to slightly decrease L* values and increase a*
values, indicating darker and slightly redder
frankfurter. Choi et al. investigated the effects of
reducing pork fat levels from 30% to 20%, 155,
and 10% by partially substituting pork fat with a
makgeolli lees fiber in raw meat batters and
frankfurters [29].

Table 2. Colour parameters (L=, a*, b* values) of frankfurters formulated with various fat and blue corn germ levels

L* a* b*
Samples 1 7 14 days 1 7 14 1 7 14
day days day days | days day days | days
control: 20% pork fat- | 74,798 | 75,364 | 75,088 | 5,108 | 6,372 | 7,266 | 8,084 | 7,984 | 7,994
without blue corn germ

20% pork fat-2% blue 73,9 73,672 | 74,934 | 5512 | 5,952 | 6,774 | 7,298 | 6,944 | 6,648
corn germ

20% pork fat-3,5% blue | 75,13 | 72,614 | 73,494 | 558 | 5592 | 6,026 | 7,29 | 6,67 | 6,45
corn germ

20% pork fat-5% blue 70,72 73,11 | 73,244 | 4,28 | 5114 | 5702 | 542 | 3,926 | 4,58
corn germ

5% pork fat-18,5% blue | 61,56 | 63,202 | 67,036 | 4,14 | 548 | 4,646 | 2,42 | 2,528 | 2,894
corn germ

10% pork fat-13,5% 67,98 68,05 73,0 419 | 4,798 | 6,148 | 52 | 3,926 | 5,126

blue corn germ

15% pork fat-8,5% blue 72,4 71,106 | 64,888 | 4,29 | 4,434 | 5896 | 6,49 | 5,194 | 3,928

corn germ

The evolution of the peroxide values
(Figure 4) was generally the same for each
sample. However, for the first day, the value of
the control was the biggest indicating that this
sample was the most oxidized. Thus, it is noticed
that there is no more oxidation with the blue corn
germ. The decreased peroxide value with the
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increased addition of blue corn germ might be due
to the high content of phenols, flavonoids, and
ferulic acid [8, 9]. In other research on skinless
beef sausages, the peroxide value was slightly
decreased (p<0.05) with the addition of wheat
germ flour [30].
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Figure 4. Peroxide values of frankfurters formulated with various fat and corn germ levels

TBARS values were influenced by both the
concentration of added blue corn germ and
storage conditions (Figure 5). From the outset of
storage, TBARS values were lower in the
frankfurters formulated with various fat and blue
corn germ levels than in the control. The TBARS
value of the formulation with 10% pork fat and
13.5% blue corn germ decreased on the 7th day of
storage and slightly increased till the 14th day of
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storage. It has been suggested that the reduction in
TBARS values might be attributed to the
emergence of malonaldehyde as an intermediary
compound. Within a specified timeframe, the pace
of malonaldehyde generation surpassed that of the
compound's depletion; subsequently, a reversal
occurred wherein the rate of disappearance
surpassed the rate of formation. Consequently,
this led to a decline in TBARS values [31].
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Figure 5. TBARS values of frankfurters formulated with various fat and corn germ levels

Data presented in Figure 6 shows the
sensory properties (aroma, color, taste, texture,
juiciness, tenderness, cohesiveness, homogeneity,
and overall acceptability) of control and
frankfurters formulated with various fat and corn
germ levels. It also appears that the presence of
blue corn germ gives a more attractive general
appearance to sausages compared to the control.
From the results, it was observed that the addition
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of blue corn germ enhanced the sensory
characteristics at concentrations of 2%, 3.5%, and
5%. The best scores for sensory properties were
recorded at 5.0, 5.01, and 5.0 in overall
acceptability compared to the control sausage,
which scored 4.0. These results show that the blue
corn germ contained high amounts of total
phenolic compounds and total flavonoids may
improve the acceptability of frankfurters.
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Figure 6. Sensory evaluation of frankfurters formulated with various fat and blue corn germ levels

The TPA attributes of frankfurters
formulated with various fat and blue corn germ
levels (Figure 7) indicate that the hardness slightly
increased for all treatments and the control
without any additive until the 8th day of storage,
then significantly decreased by the 14th day.
Texture profile analysis was conducted using a
texture analyzer to evaluate the textural properties
of the frankfurter sausages. The results revealed
that the incorporation of blue corn germ led to
significant improvements in the texture of the
sausages. Notably, sausages formulated with

29

higher levels of corn germ exhibited increased
firmness and chewiness compared to those with
lower levels of corn germ. Research on TPA
attributes of frankfurters formulated with various
fat and corn germ levels shows that the hardness
of all treatments and control without any additives
increased slightly until the 8th day of storage, then
significantly decreased by the 14th day. This
suggests that the addition of blue corn germ not
only enhances the initial texture of the sausages
but also contributes to improved texture stability
over time.
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Figure 7. TPA attributes of frankfurters formulated with various fat and blue corn germ levels

Conclusion

Low-fat frankfurters can be manufactured
by incorporating a combination of blue corn germ,
resulting in a product with favorable attributes.
The formulation of frankfurters and storage
conditions influence various product character-
ristics, including cooking loss, color, peroxide and
TBARS values, TPA attributes, and sensory
properties, all of which were evaluated in this
study. Optimal results were observed in samples
containing 20% pork fat and 5% blue corn germ.

However, excessive blue corn germ inclusion did
not yield positive effects. In addition, these results
suggest that this can be a suitable strategy for the
production of low-fat frankfurters as a potential
functional food.
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APPLICATION AND SAFETY OF PECTIN SUBSTANCES FROM
VEGETABLE RAW MATERIALS IN BREAD PRODUCTION
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Currently, pectin substances and their compounds are often used in cooking as an anionic surfactant. In the
technology of food preparation, such properties of pectin substances as swelling, thickening, gel-forming, crystal-
forming, water-absorbing ability, and emulsifying ability are of great importance. Like any gel-forming fiber, pectin
helps remove heavy metals from the body such as lead, mercury, cadmium, etc. MCP may be better suited for these
purposes, as it has been used in four clinical studies of heavy metal detoxification. Considering the accumulation of
radioactive elements, heavy metal salts and pesticides in the environment and the human body, Jerusalem artichoke,
which is rich in pectin substances, carotene and dietary fiber, is of particular interest. It is also economically
beneficial as it is a domestic raw material. The goal of scientific research is to obtain a new type of functional bread
with the addition of vegetable pectin. In this article, it was determined that the addition of pectin to dough has an
effect on biochemical, colloidal, as well as microbiological processes. It also affects the physicochemical and
rheological properties and reduces the content of contaminants. The work investigated that when pectin substances
are added to the dough, its initial acidity increases. Acidity varied 2.2-2.4. It was also noted that in the test sample the
fermentation process was more active; the activity of the fermentation process was associated with the addition of
sugar along with pectin. As a result of this work, in order to improve the quality of bread and extend shelf life, pectin
from raw materials of plant origin was added, the properties of bread samples with Jerusalem artichoke pectin with
high performance were studied, and their organoleptic, physicochemical and safety indicators were studied. It was
revealed that pectin reduces the content of some toxic elements by up to 100%. Practical significance: the conducted
studies showed that the obtained samples of functional bread can be recommended for introduction into production
to expand the range of bakery products.

Keywords: pectin, modified citrus pectin (MCP), complexation, heavy metal salts, Jerusalem
artichoke, properties of pectin, bread.
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